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Objectives. The aim of this study was to determine the hemo- 
dynamic effects of upright bicycle ergometry in symptomatic 
patients with mild, mixed mitral stenosis and regurgitation. 
Background. Patients with seemingly mild rheumatic mitral 
valve disease often complain of exertional dyspnea or fatigue. 
These symptoms are usually ascribed to flow-dependent in- 
creases in the gradient across the stenotic mitral valve. Al- 
though catheterization studies in these patients may demon- 
strate an increase in mitral valve gradient proportional to an 
increase in cardiac output, this approach does not specifically 
address the underlying mechanism of any observed increases in 
mitrai gradient or left atrial (i.e., pulmonary capillary wedge) 
pressure. Exercise echocardiography is uniquely suited to the 
dynamic assessment of exercise-induced hemodynamic changes. 
Methods. Fourteen symptomatic patients with exertional dys- 
pnea and mild mitral stenosis and regurgitation atrest performed 
symptom-limited upright bicycle ergometry with quantitative two- 
dimensional, Doppler and color Doppler echocardiographic anal- 
ysis. 
Results. Average pulmonary artery systolic pressure in the 13 
patients with adequate spectral signals of tricuspid regurgitation 
increased from 36 -+ 5 mm Hg (mean -+ SD) at rest to 63 -+ 
14 mm Hg at peak exercise (p < 0.001). The mean transmitral 
pressure gradient in all patients increased from 4.5 -+ 1.4 mm Hg 
at rest to 12.7 -+ 2.7 mm Hg at peak exercise (p < 0.001). Five 
patients developed severe mitral regurgitation during exercise. 
Conclusions. Patients with exertional dyspnea nd mild mitral 
stenosis and regurgitation at rest demonstrate a marked increase 
in pulmonary artery systolic pressure and mean transmitral 
pressure gradient during dynamic exercise. In a subset of these 
patients, marked worSening of mitral regurgitation appears to be 
the underlying mechanism of this hemodynamic deterioration. 
Because of the small sample size, this novel observation must be 
considered preliminary with respect o the true prevalence of 
exercise-related development of severe mitral regurgitation. If
additional studies confirm the importance of this phenomenon, it 
has important implications for the management of patients with 
rheumatic mitral valve disease. 
(J Am Coll Cardio11994;25:128-33) 
Patients with seemingly mild rheumatic mitral valve disease 
often complain of exertional dyspnea or fatigue. These symp- 
toms are usually attributed to elevated left atrial pressure due 
to flow-dependent increases in the gradient across the stenotic 
mitral valve or to noncardiac auses. Hemodynamic evaluation 
of these patients in the catheterization laboratory typically 
consists of low level exercise with measurement of the trans- 
mitral pressure gradient. Although catheterization studies 
document a flow-dependent increase in the mitral valve gradi- 
ent, this approach does not specifically address the underlying 
mechanism of any observed increases in mitral gradient or left 
atrial (i.e., pulmonary capillary wedge) pressure. Recently, 
exercise Doppler echocardiography was proposed as an ad- 
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junct in the clinical management of patients with mitral valve 
disease (1). However, in the latter study patients had substan- 
tial rest transmitral pressure gradients (mean [_+SD] 9 _+ 
4 mm Hg), and exercise-related changes in the severity of 
mitral regurgitation were not specifically examined. Accord- 
ingly, the present study was designed to determine the hemo- 
dynamic effects of upright bicycle ergometry in symptomatic 
patients with mild mitral stenosis and regurgitation and normal 
left ventricular systolic function. 
Methods  
Patients. During the 1-year period between November 
1992 and November 1993, 14 patients (13 women, 1 man; mean 
age 59 _+ 13 years) with symptomatic mild, mixed rheumatic 
mitral valve disease were prospectively identified. All 14 
patients had mild stenosis and mild regurgitation on the basis 
of Doppler echocardiography at test, left ventricular ejection 
fraction ->50% and New York Heart Association functional 
class II (n = 10) or III (n = 4). Mean mitral valve area was 
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2.0 +_ 0.3 cm 2 (range 1.7 to 2.6) by the pressure half-time 
method (2,3). Mitral regurgitation severity was semiquantita- 
tively assessed (4). Six patients were in atrial fibrillation and 
eight in normal sinus rhythm at the time of the study, Medi- 
cations included digoxin (n = 6), beta-adreneric blocking 
agents (n = 3) and calcium channel antagonists (n = 1). Mean 
heart rate at rest was 68 _+ 8 beats/min. Three patients were 
included in a previous brief report (5). 
Exercise echocardiography. Baseline two-dimensional 
echocardiographic examinations were performed supine in the 
left lateral decubitus position and again while sitting stationary 
on an upright bicycle with a phased array ultrasonoscope 
device (Acuson XP-5) using a 2.5-mHz transducer. Images 
were obtained in sequential manner from the parasternal long- 
and short-axis and apical four- and two-chamber views. Pa- 
tients performed symptom-limited graded upright bicycle er- 
gometry beginning at a work load of 25 W, with 25-W 
increments in work load every 3 min. Routine electrocardio- 
graphic (ECG) monitoring was used. Blood pressure was 
measured every 2 min. Continuous two-dimensional echocar- 
diographic examinations were performed uring exercise. Im- 
ages were digitally recorded in the supine position at rest and 
immediately after peak exercise. 
Mitral valve Doppler studies. The mitral valve was inter- 
rogated from the apical window using color Doppler, contin- 
uous and pulsed wave Doppler. Using an Image-Vue Cardiol- 
ogy Workstation (Nova Microsonics), 10 high quality diastolic 
transmitral spectral envelopes were digitized and analyzed at 
rest and again at peak exercise. Mean diastolic transmitral 
gradient was directly measured. As noted previously, severity 
of mitral regurgitation was semiquantitatively assessed (4). 
Pulmonary artery systolic pressure. A systematic search 
was performed to identify the most complete spectral envelope 
of the greatest maximal velocity and density. The systolic 
transtricuspid pressure gradient was calculated using the mod- 
ified Bernoulli equation: 
P=4xv  2, 
where v = maximal regurgitant velocity (m/s) (2). The diame- 
ter of the inferior vena cava was measured from long-axis 
subxiphoid views. Mean right atrial pressure was estimated by 
the caval respiratory index, as described by Kircher et al. (6). 
Pulmonary artery systolic pressure was calculated as the sum of 
the transtricuspid pressure gradient and the estimated right 
atrial pressure. 
Two-dimensional analysis. Three to five cardiac cycles 
were digitized at end-systole (time of smallest cavity area) and 
end-diastole (R wave peak). End-systolic, end-diastolic and 
stroke volumes and ejection fraction were calculated as previ- 
ously described (7,8). Left ventricular end-systolic (LVESV) 
and end-diastolic (LVEDV) volumes were calculated by the 
short-axis area times length method: 
LVESV : ~ × Avs × Ls; LVEDV = ~ × Avd × Ld, 
where Avs and Avd = end-systolic and end-diastolic avity 
areas, respectively, in which the papillary muscles are regarded 
Table 1. Clinical Response toExercise 
Heart Rate 
Exercise (bcats/min) 
Pt Age Duration 
No./Gender (yr) (min) Rest Peak 
Systolic Blood 
Pressure 
(mm Hg) 
Rest Peak 
1/F 67 4.8 79 161 120 130 
2/F* 58 5.8 74 115 127 168 
3/F* 73 3.2 64 102 120 144 
4/F 64 5.9 57 139 124 138 
5/F 45 11.2 67 125 110 130 
6/F 68 6.9 72 122 138 158 
7/F* 52 9.8 60 132 120 144 
8/F 69 10.7 66 142 154 186 
9/M 72 5.3 62 98 112 140 
10/F* 64 6.6 58 90 116 155 
ll/F 43 12.3 76 182 112 150 
12/F 31 15.0 72 170 100 142 
13/1= 48 11.0 85 148 112 156 
14/F* 68 4.5 63 110 120 134 
Mean 59 8 68 131 120 148 
SD 13 4 8 28 13 16 
*Patient (Pt) with exercise-induced severe mitral regurgitation. F = female; 
M = male. 
as part of the left ventricular cavity; and L S and L a = left 
ventricular end-systolic and end-diastolic lengths, respectively. 
Statistical analysis. All data management and statistical 
analysis tasks were performed using MINITAB (version 9.0) 
on an IBM compatible personal computer. Continuous mea- 
sures are summarized as mean value _+SD. Differences be- 
tween variables at rest and at peak exercise were assessed using 
a two-tailed, paired Student t test. Subgroup comparisons were 
performed using an unpaired two-tailed Student t test. Differ- 
ences were considered significant if the null hypothesis could 
be rejected at p < 0.05. 
Results 
Exercise test (Table 1). Patients exercised for 3 to 15 min 
(mean 8 _+ 4), stopping because of dyspnea (n = 7) or fatigue 
(n = 3), or both (n = 4). Rest heart rate averaged 68 _+ 
8 beats/min and increased to 131 _ 28 beats/min at peak 
exercise. Rest systolic blood pressure averaged 120 +_ 
13 mm Hg and increased to 148 + 16 mm Hg at peak exercise. 
No patient developed chest pain, ECG or echocardiographic 
evidence of myocardial ischemia. 
Two-dimensional echoeardiographie data (Table 2). For 
the group, left ventricular end-systolic volume decreased from 
40 +_ 14 to 30 +__ 13 ml (p < 0.001). End-diastolic volume also 
decreased slightly (p = NS). Left ventricular ejection fraction 
increased from 66 _+ 9% to 72 _+ 6% (p < 0.001). 
Doppler echocardiographic data (Table 3). Mean diastolic 
mitral gradient increased from 4.5 _+ 1.4 at rest to 12.7 ___ 
2.7 mm Hg at peak exercise (p < 0.001) (Fig. 1). Five patients 
developed severe mitral regurgitation during exercise (Fig. 2 
and 3). The severity of mitral regurgitation did not change 
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Table 2. Two-Dimensional Echocardiographic Data 
P 
Variable Rest Peak Value 
ESV (ml) 40 _+ 14 30 _+ 13 0.001 
EDV (ml) 119 _+ 27 112 - 31 NS 
SV (ml) 79 _+ 23 81 + 23 NS 
EF (%) 66 -+ 9 72 _+ 6 0.001 
Data presented are mean value _+ SD. EDV (ESV) = left ventricular 
end-diastolic (end-systolic) volume; EF = left ventricular ejection fraction; SV = 
stroke volume. 
significantly in the remaining nine patients. Three of the 
patients who developed severe mitral regurgitation were in 
atrial fibrillation, and three were in functional class III. Three 
of the nine patients who did not develop severe mitral regur- 
gitation were in atrial fibrillation. Mean duration of exercise in 
the patients who developed severe mitral regurgitation was 
6.0 - 2.5 rain versus 9.2 _+ 3.6 min in those whose mitral 
regurgitation did not significantly worsen (p = 0.07). Patients 
with severe mitral regurgitation had a blunted heart rate 
increase during exercise compared with those who did not 
develop severe mitral regurgitation (46 _ 16 vs. 72 _+ 23 
beats/min, p < 0.05). Patients who developed severe mitral 
regurgitation were slightly older (63 - 8 vs. 56 -+ 15 years, p = 
NS). There was no difference in the increase in systolic blood 
pressure that occurred uring exercise in the two groups. An 
adequate spectral envelope of tricuspid regurgitation was 
detected in 13 of 14 patients. In these patients, the average 
pulmonary artery systolic pressure increased from 36 _+ 
5 mm Hg at rest to 63 +_ 14 mm Hg at peak exercise (p < 
0.001) (Fig. 4). Pulmonary artery systolic pressure at peak 
Table 3. Doppler Echocardiographic Data 
Mitral 
Regurgitation 
Pt 
No. Rest Peak 
Mean Diastolic 
Transmitral Pulmonary 
Pressure Artery Systolic 
Gradient Pressure 
(mm Hg) (mm Hg) 
Rest Peak Rest Peak 
1 Mild Mild 
2 Mild Severe 
3 Mild Severe 
4 Mild Mild 
5 Mild Mild 
6 Mild Mild 
7 Mild Severe 
8 Mild Mild 
9 Mild Mild 
10 Mild Severe 
11 Mild Mild 
12 Mild Mild 
13 Mild Mild 
14 Mild Severe 
Mean 
SD 
5.0 11.8 38 55 
7.0 13.0 38 72 
4.0 11.0 29 56 
3.1 12.1 38 61 
3.4 13.1 32 61 
3.4 13.1 45 66 
3.2 17.0 46 97 
5.6 14.0 34 77 
3.6 14.5 35 67 
5.0 11.0 34 63 
5.5 17.5 29 40 
4.0 10.0 35 58 
7.0 12.3 * * 
3.2 7.2 33 44 
4.5 12.7 36 63 
1.4 2.7 5 14 
*No detectable tricuspid regurgitation. Pt = patient. 
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Figure 1. Plot of mean diastolic transmitral pressure gradient at rest 
and peak exercise (n = 14). 
exercise was not significantly different in patients who devel- 
oped severe mitral regurgitation (66 _+ 20 mm Hg) and those 
who did not (61 _+ 11 mm Hg, p = NS). Mean diastolic 
transmitral gradient at peak exercise was also similar in 
patients with (11.8 +_ 3.6 mm Hg) and without (13.2 _+ 
2.1 mm Hg, p = NS) severe mitral regurgitation. 
When differences in left ventricular volumes and ejection 
fraction in patients with and without exercise-induced severe 
mitral regurgitation were examined using a two-tailed un- 
paired Student test, there were no significant differences 
detected. However, when the change in volumes between rest 
and exercise was compared, patients with exercise-induced 
severe mitral regurgitation had a small increase in left ventric- 
ular end-diastolic volume, whereas those without severe mitral 
regurgitation had a decrease in end-diastolic volume (+2.1 + 
7.5 vs. -11.2 _+ 15 ml, p < 0.05). 
Discuss ion  
Exertional fatigue and dyspnea re the norm in patients 
with severe mitral stenosis or regurgitation. These symptoms 
can also occur in patients with seemingly mild mitral valve 
disease evaluated at rest. To an extent, dyspnea in these 
patients can be explained by flow-dependent i creases in the 
gradient across the stenotic mitral valve. However, when out of 
proportion to the apparent severity of the mitral valve disease, 
these symptoms are often perplexing and may be ascribed to 
noncardiac auses. The present study evaluated 14 patients 
with mild mitral stenosis and regurgitation atrest, all of whom 
had functional class II or III symptoms. Five patients (36%) 
developed severe mitral regurgitation detected only during 
exercise. During exercise, Doppler studies also revealed signif- 
icant increases in estimated pulmonary artery systolic pressure 
and in mean diastolic transmitral pressure gradient that were 
of similar magnitude whether or not mitral regurgitation 
became severe. 
The development of severe mitral regurgitation during 
exercise is a novel observation and occurred in a surprisingly 
large proportion of our patients. This suggests the possibility 
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Figure 2. Color Doppler flow recording at rest demonstrating mild 
mitral regurgitation. 
Figure 3. Color Doppler flow recording of the same patient at peak 
exercise demonstrating severe mitral regurgitation. 
that worsening of mitral regurgitation during exercise may 
account for symptoms in many patients whose mitral valve 
disease is mild when evaluated only at rest. However, our 
sample size was small, and additional studies will be required 
to more accurately quantitate the true prevalence of this 
phenomenon. The extent o which worsening of mitral regur- 
gitation was specifically related to symptoms in our patients i
difficult o assess in the absence of direct measurement of left 
atrial pressure and cardiac output. Nonetheless, despite the 
small sample size, these patients manifested a trend (p = 0.07) 
toward lower exercise capacity, with three of the five unable to 
complete xercise at the 50-W level, a very modest work load. 
However, it is possible that this trend may be related to age 
because the mean age of the patients with severe mitral 
regurgitation was greater than those without (63 vs. 56 years), 
and some of the longest exercise durations occurred in the 
youngest patients. On the basis of similar diastolic mitral 
gradients in patients with and without severe mitral regurgita- 
tion during exercise, it is unlikely that some aspect of mitral 
stenosis during exercise can explain the trend toward reduced 
exercise capacity. Indeed, the finding that increases in mean 
diastolic gradient and pulmonary artery systolic pressure dur- 
ing exercise were not more prominent in the patients with 
severe mitral regurgitation suggests the possibility that what- 
ever mechanism is responsible for the development of severe 
mitral regurgitation might in some way also improve the 
degree of stenosis (e.g., a dynamic element of reduced stenosis 
that counterbalances theworsening regurgitation). This idea is 
consistent with the general principle that the severity of 
valvular stenosis and regurgitation is reciprocally related as 
one or the other becomes more severe. Unfortunately, we have 
no means of testing this hypothesis. 
The actual mechanism of development of severe mitral 
regurgitation during exercise is very unclear at this point. 
These patients had blood pressure responses imilar to those 
whose mitral regurgitation did not increase in severity. How- 
ever, their heart rate responses were blunted. It is possible that 
the smaller heart rate increase could have contributed to the 
relatively larger diastolic volumes observed in these patients 
and, conceivably, a geometric difference that in some way 
influenced mitral valve function. However, this seems unlikely 
because absolute nd-diastolic volume did not actually in- 
crease in patients with severe mitral regurgitation. Qualita- 
tively, mitral valve morphology was not obviously different in 
patients whose mitral regurgitation i creased in severity com- 
pared with those whose mitral regurgitation did not increase 
appreciably. However, it is possible that some more subtle 
aspect of valve morphology orof rheumatic nvolvement of the 
papillary muscles or subchordal apparatus might have contrib- 
uted to development of severe mitral regurgitation during 
exercise in these patients. Once again, there is no way to test 
this hypothesis. Finally, although we cannot completely ex- 
clude myocardial ischemia, this seems unlikely because severe 
mitral regurgitation developed in the absence of ECG or 
echocardiographic evidence of ischemia. 
Previous investigations. Doppler echocardiography in con- 
junction with exercise has been used previously to evaluate 
patients with mitral stenosis (9-12) and prosthetic mitral 
Figure 4. Plot of the calculated pulmonary artery systolic pressure 
(PA~) at rest and peak exercise (n = 13). 
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valves (10,13,14). Voelker et al. (9) performed simultaneous 
continuous wave Doppler echocardiography and right and left 
heart catheterization in 20 patients with mitral stenosis during 
submaximal bicycle exercise. Exercise a caused significant 
increase in mean transmitral gradient. Doppler and manomet- 
ric gradients were highly correlated at rest (r = 0.90, SEE 
0.97 mm Hg) and during exercise (r = 0.82, SEE 1.97 mm Hg). 
Leavitt et al. (10) reported a significant increase in mean 
transmitral gradient of 12 patients with mitral stenosis and 11 
patients with prosthetic mitral valves who underwent symp- 
tom-limited treadmill exercise. In both patient groups, mean 
transmitral pressure gradient increased significantly with exer- 
cise. These increases were accompanied by significant in- 
creases in the calculated pulmonary artery systolic pressure. 
This study established the technical ease of exercise Doppler 
examination of patients with valve disease. However, the 
patients tudied were heterogeneous with a wide range of New 
York Heart Association functional class, and several patients 
had concomitant aortic valve or coronary artery disease. 
Color Doppler flow imaging has been used to study the 
effect of isometric exercise on mitral regurgitation. Spain et al. 
(15) performed color flow Doppler imaging during isometric 
exercise in 23 patients with mitral regurgitation. Mean regur- 
gitant jet area increased significantly during isometric exercise. 
These results are not surprising iven the well defined hemo- 
dynamic effects of isometric exercise. Tunick et al. (1) studied 
five patients with mitral regurgitation and four with mixed 
mitral stenosis and regurgitation. They reported a significant 
increase in mean pulmonary artery systolic pressure during 
supine bicycle exercise. They did not comment on changes in 
the severity of mitral regurgitation or on left ventricular 
volume and ejection fraction during exercise. Thus, the under- 
lying mechanism for the increase in pulmonary artery systolic 
pressure in these patients i  not entirely clear. 
Clinical implications. Our sample size was small, and 
therefore the true prevalence of exercise-related development 
of severe mitral regurgitation is uncertain. However, if these 
novel results are borne out in larger studies, this finding has 
potentially important pathophysiologic and therapeutic impli- 
cations. Exercise echocardiography may thus prove to be an 
important aspect of the evaluation of these patients, especially 
when symptoms are ditficult to explain. If dynamic mitral 
regurgitation is detected, it may be appropriate to emphasize 
agents that specifically reduce afterload uring exercise rather 
than, or in conjunction with, the conventional use of negative 
chronotropic drugs. Further, it is possible that symptomatic 
patients previously not considered to be operative candidates 
on the basis of assessment a rest may well be candidates for 
mitral valve surgery if they develop exercise-induced severe 
mitral regurgitation that does not respond to medical therapy. 
Finally, even if the true prevalence is lower than we detected, 
these results suggest hat this phenomenon should still be 
considered in patients with mild, mixed mitral valve disease 
and puzzling symptoms. 
Study limitations. Our sample size was small, and there- 
fore we cannot be confident about the true frequency with 
which patients with mild, mixed mitral valve disease at rest 
develop severe mitral regurgitation during exercise. We chose 
to report our findings at this point in time, despite the small 
sample size, to bring this phenomenon to the attention of other 
investigators and to encourage more rapid accumulation of
additional data with which to establish true prevalence. This 
was also a relatively older patient group. Thus, these patients 
might have a higher prevalence of noncardiac exertional 
dyspnea. However, the uniform increase in pulmonary artery 
systolic pressure during exercise suggests an important contrib- 
utory role of elevated left atrial pressure toward development 
of dyspnea in the group as a whole. As discussed previously, 
despite the absence of ECG or echocardiographic evidence of 
ischemia, we cannot completely exclude the possibility that 
coronary artery disease played a contributory ole, particularly 
given the mean age of the cohort. Finally, although the 
semiquantitative method of estimating mitral regurgitation 
severity has recognized limitations (16,17), this technique 
remains useful for comparing the degree of regurgitation after 
an intervention i the same patient (18). Further, the changes 
noted during exercise in the five cases of severe mitral regur- 
gitation were striking, and care was taken to ensure optimal 
views. 
Conclusions. Patients with exertional dyspnea and mild 
mitral stenosis and regurgitation at rest demonstrate a marked 
increase in pulmonary artery systolic pressure and mean 
transmitral pressure gradient during dynamic exercise. In a 
substantial proportion of our patients, marked worsening of 
mitral regurgitation appeared to play an important role in this 
hemodynamic deterioration. Because of the small sample size, 
this novel observation must be considered preliminary with 
respect o prevalence. If additional studies confirm the impor- 
tance of this phenomenon, it has important implications for the 
management of patients with rheumatic mitral valve disease. 
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